This paper presents a flexible multi-criteria group decision making method based on ideal points concept, which can be used to deal with heterogeneous information(numerical, interval valued and linguistic variable with different granularity and/or semantic)and reflect the Decision Makers' different decision attitudes. The heterogeneous information is homogenized firstly into linguistic variable characterized fuzzy number. To simplify the computations and improve the comprehensibility, the homogenized information is further transformed to the continue linguistic terms set. A new relative closeness measure based on ordered weighted distance is introduced to consider the decision Makers' different decision attitudes. A numerical experiment is used to illustrate the feasibility of the proposed method.
Introduction

TOPSIS (Technique for Order Performance by
Similarity to Ideal Solution), one of the most widely used multi-criteria decision making (MCDM) method, was first presented by Hwang and Yoon (1981) 1 for solving a MCDM problem. The basic idea of the TOPSIS method is that the chosen alternative should have the shortest distance from the positive ideal solution (PIS) and the farthest distance from the negative ideal solution (NIS). TOPSIS cherishes such features as 2 : (i) a sound logic that represents the rationale of human choice; (ii) a scalar value that accounts for both the best and worst alternatives simultaneously; (iii) a simple computation process; and (iv) the performance measures of all alternatives on attributes can be visualized on a polyhedron, at least for any two dimensions.
With the decision environment becomes much more complexity, many decision making problems call for a collaborative efforts of experts, and usually, the fact that presented an interval type-2 fuzzy TOPSIS method to handle fuzzy multiple attributes group decision-making problems based on interval type-2 fuzzy sets. Li (2010) 10 constructed a new nonlinear programming methodology based on TOPSIS to deal with multiattribute decision making with interval-valued intuitionistic fuzzy sets. Considering the interaction among attributes cannot be ignored, Hu (2008) 11 proposed choquet integral-based TOPSIS method, the choquet integral-based distance measure is used to compute the distances of alternatives to the PIS and the NIS. Additionally, Zanakis et al. (1998) 12 verified that TOPSIS has the fewest rank reversals among the eight methods of MCDM by simulation comparison.
As reviewed above, most of the proposals for solving decision making problems with multiple experts are focused on the cases where all the experts express their opinions by means of values from the same type, either real values, interval values or linguistic labels in the same linguistic term set. However, due to the fact that each decision maker has his/her own unique characteristics with regard to knowledge, skills, experience and personality, the different decision makers tend to utilize different ways (such as real values, interval values and linguistic labels) to present their cognitions of information. The approaches mentioned above can not satisfy the practical situation. In this paper, we will propose a novel multiple criteria group decision-making methodology based on ideal points that work well with heterogeneous information (real values, interval values, linguistic labels in different linguistic term sets represented by different semantic), which allows the decision makers express free their assessments according to their preferences. Moreover, in view of the decision situations should be different when facing different decision problems, and then, the decision attitudes of decision makers are also different. In the decision framework we will construct can also offer decision makers the possibility of expressing their decision attitudes according to their interests and the nature of decision problems to increase flexibility of decision analysis.
The rest of this paper is organized as follows. Section 2 is devoted to briefly review some foundational concepts and definitions on linguistic variable. In Section 3 we introduce the proposed method in detail. In Section 4 an illustrative example is included to demonstrate the process of the proposed method, and the paper is concluded in Section 5.
Preliminaries
For the sake of clarity, some basic concepts and definitions on linguistic variable are stated as follows.
Linguistic term set
Definition 1
13
. A linguistic variable is one whose values are not numbers but rather words or sentences in a natural or artificial language, i.e., linguistic terms.
The concept of linguistic variable is very useful in dealing with situations that are too complex or too illdefined to reasonably describe using conventional quantitative expressions.
Definition 2
14
. 
. For example, we may assign the semantics of Fig. 1 to a linguistic term set of seven terms. In linguistic decision making procedure, different DMs have different uncertainty degrees on decision problem, they usually use several linguistic term sets with different granularity of uncertainty to conduct decision making. The use of several linguistic term sets gives decision makers more flexibility. The more linguistic terms used, the smaller the range that each linguistic term cover. In the process of the linguistic information proceeding, however, some results may not exactly match any linguistic terms in S. To preserve all the given information, Xu 15 
,
The proposed method
Assume that a group of K decision-makers
. Criteria can be classified into benefit criteria (B) and cost criteria(C).
(1) Construct decision matrices , 1, 2,...,
The assessments provided by DMs can be crisp (2) Homogenize heterogeneous information To homogenize the heterogeneous information, here we select a linguistic terms set, called basic linguistic term set (BLTS) 17 , to served as medium of unifying heterogeneous information.
Select basic linguistic term set
To maintain the uncertainty degrees associated to each one of the possible domains to be unified and the ability of discrimination to express the performance values, we select the linguistic term set with the maximum granularity as the basic linguistic term set (BLTS),
Normalize numerical and interval-valued information.
Sometimes, the assessments with numerical and interval valued information can be expressed in different units. However, each linguistic term is characterized by trapezoidal or triangular fuzzy number in [0,1] interval. To ensure compatibility among the numerical and interval valued evaluations with the linguistic ones, all the estimated numerical and interval values should be normalized firstly into a comparable scale.
The numeric value ij x is normalized into[0,1]interval by following:
The interval value [ , ] L R ij ij x x is normalized by:
Transform heterogeneous information into BLTS Herrera et al. 17 provided a transform function between linguistic term sets with different granularity. The idea of the transformation technique is to assign a degree of membership to every linguistic term in S T for each linguistic term being transformed. The degree of membership is computed by finding the interaction of two linguistic terms belonging to S T and S, respectively.
As mentioned above, numerical and interval values can be regarded as specifically trapezoidal fuzzy number, such as:
( 1) 
Hence, the transformation function also appropriately used to convert the normalized numerical and interval-valued assessments, the ranges of which belong to [0,1], into BLTS. Definition 6 17, 18, 19 . 
where F(S T ) is the set of fuzzy sets defined in 
,(s 5 ,0 ),(s 6 ,0)}.Graphically, they are represented in Fig. 2 . It is clear that the heterogeneous information is transformed as a fuzzy set on a BLTS. These fuzzy sets are difficult to manage and hard to understand by DMs. So, in order to simplify the computations and improve the comprehensibility of the results obtained in this phase, we shall transform the collective values expressed by means of fuzzy sets on the BLTS into continues linguistic in the BLTS as:
(3) Aggregate all DMs' opinions The collective assessments of alternatives against each criteria ij x can be calculated as 3 : { ,..., } max , , min ,
The negative ideal solution A  is composed of all worst values attainable of criteria
where b  , c  denote the benefit criteria set, and the cost criteria set, respectively.
(5) Calculate the separation measures of individual criteria. The separation of each criteria from its positive ideal value is defined as ( , )
Similarly, the separation of each criteria from its negative ideal value is given as ( , )
(6) Calculate the overall separation measures of alternatives.
In general, the overall separation measures of alternatives are measured by distance measures, which usually using the weighted hamming distance (WHD), the weighted euclidean distance(WED), the weighted minkowski distance(WMD) or the weighted chebyshev distance(WCD), etc. They simply compute the distance measures without considering the DMs' attitudes. However, in some cases, the decision is assumed to be completely dependent on DMs in a decision process. Therefore, the DMs' attitudes can be considered as an important factor in making suitable decision. In other words, sometimes DMs are interesting to consider the possibility of parameterizing the results from the maximum distance to the minimum distance.
The OWA operator 20 for aggregating values (e.g., "satisfaction levels" with respect to criteria) was introduced by Yager (1988) , which more explicitly recognize the "attitudinal character" of the decisionmakers by using linguistic quantifier, such as: "at least some criteria must be taken into account". The OWA operator enables to move continuously from logical "and" to logical "or" i.e., from non-compensatory to full-compensatory situation.
Definition 7
20 . An ordered weighted averaging (OWA) operator of dimension n is a mapping : Similar to OWA operator, the fundamental aspect of the OWD measure is the reordering step. From a generalized perspective of the reordering step, it is possible to distinguish between the descending OWD (DOWD) measure and the ascending OWD (AOWD) measure.
To apply the OWD measure (or OWA operator) to decision making, a crucial issue is to determine its weight vector. Different approaches have been suggested for obtaining the weight vector 21, 22 . The most common approach is the one based on the use of a linguistic quantifier 21 , Q, which is used to indicate the portion of the criteria DMs feel is necessary for a good solution. The linguistic quantifier allows DMs to translate their decision attitudes with a linguistic term such as "most" or "many". The OWD measure can adjust the weight of a criteria based on the attitudes of DMs. Yager (1996) 21 recommended obtaining the weights of OWA operator as follows:
1 , 1,...,
The simplest and most commonly quantifier, Q, is defined as:
The decision attitude is specified with parameter  , its changes represent a continuum of different decision attitudes between the two extreme cases of requiring "at least one" and "all" the criteria to be satisfied. The common decision attitudes and their corresponding parameter α are as following 23 :
• At least one (OR operator) α→0:(0.001)
By combining (18) , (19) and (20), we have:
The OWD measure is capable of synthesizing the linguistic information in consideration with the DMs' attitudes. So it expresses directly the intensity of compromise or the type of compromise wanted by the DMs.
According to the basic principle of the TOPSIS, the shorter distance of alternative to the positive ideal solution and the farther distance of alternative to the negative ideal solution, the better alternative is. In this paper, the overall separation measures of alternatives to positive solution are defined according to AOWD as:
being : {1, 2,..., } {1, 2,..., } n n In sum, the multi-criteria group decision making with heterogeneous information based on ideal points concept can be summed up as follows: (15) and (16) , respectively.  Determine weights of criteria by Eqs. (19) and (20) .  Calculate the overall separation measures of alternatives i   and i   by Eqs. (22) and (23).  Rank the alternatives according to the relative closenesses i C  by Eq.(24).
Numerical example
In this section, an example is used to illustrate the use of proposed method. We consider extending the linguistic information used in the numerical example from Ref. and D 5 has been formed to conduct the interview and to select the most suitable candidate. Five benefit criteria are considered:
The proposed method is currently applied to solve this problem and the computational procedure is summarized as follows:
(1) According to these DMs' preferences, they use different formats information to represent their opinions over the alternatives set as following: 
[. 
In order to verify the proposed method, in the case, we adopt to seven common decision attitudes to compare analysis.
(2)Select basic linguistic term set. According to the granularity, the linguistic terms set of 7 labels represented by trapezoidal fuzzy number severed as BLTS.
In the case, the criteria evaluated with numerical and interval valued information are in [0,1]interval, so the sub-steps that normalize numerical and interval valued criteria values without consideration.
(3) Unify heterogeneous information by using Eqs. (10) and (11), the unified information and the ones represented by continuous terms set in BLTS of each criteria with respect to each alternative provided by each DM are shown in Table1-5, respectively. In the sequel, OI, HI and CL denote original information, homogenized information, and the continuous linguistic sets represented information, respectively. (4)The collective assessments of alternatives against each criteria are calculated by using Eq.(12), the results are shown in Table. 6. (5) Determine ideal points by using Eqs. (13) and (14), the positive and negative ideal solutions are shown in Table 7 .
(6) The separation measures of individual criteria are obtained by Eqs. (15) and (16), respectively. The separation measures of individual criteria to their positive ideal points and negative ideal points against alternatives are listed in Table 8 and Table 9 , respectively. (20) . The weights under the common decision attitudes are listed in Table 10 . (8) Calculate the overall separation measures of alternatives from the positive and negative ideal solutions by Eqs. (22) and (23), respectively. The overall separation measures of alternatives from the positive ideal solutions and negative ideal solutions are listed in Table 11 and Table 12 , respectively. (9) The overall relative closenesses of alternatives are calculated by Eq. (24) . The final results under the seven situations are shown in Table 13 , and they are represented graphically in Fig. 4 . 20 to our heterogeneous information context, then the ranking results calculated by the two methods are the same as the results calculated by the method proposed, so it is demonstrated that the method proposed in this paper is feasible and effective.
Conclusions
Owing to the facts that the decision information provide by decision makers can be of a diversity nature, and decision making in different decision situations needing different decision strategies. In the paper, we proposed a more flexible multiple criteria group decision making method based on ideal points concept, which not only allows DMs represent their assessments in different representation formats, such as real values, interval values and linguistic values, but also offers DMs the possibility of expressing their decision attitudes according to their interests and the nature of decision problem. In the proposed method, the heterogeneous information is homogenized as a fuzzy set on a predefined basic linguistic terms set (BLTS), then the homogenized information is further transformed to continuous linguistic terms in the BLTS to simplify the computations and improve the comprehensibility. The separation measure based on ordered weighted distance is introduced to reflect the different decision attitudes of DMs according to their interests and real decision situations. The proposed method is effective and feasible just as shown in the illustrative example. It is expected that the proposed method can be applied to the fields of supply chain management, mobile-business.
